Demographic research has paid much attention to the impact of childhood conditions on adult mortality. We focus on one of the key aspects of early life conditions, sibling group size, and examine the causal effect of growing up in a large family on mortality. While previous studies have focused on low-or middle-income countries, we examine whether growing up in a large family is a disadvantage in Sweden, a context where most parents have adequate resources, which are complemented by a generous welfare state. We used Swedish register data and frailty models, examining all-cause and cause-specific mortality between the ages of 40 and 74 for the 1938-72 cohorts, and also a quasi-experimental approach that exploited multiple births as a source of exogenous variation in the number of siblings. Overall our results do not indicate that growing up in a large family has a detrimental effect on longevity in Sweden.
Introduction
Recent years have seen researchers across the social sciences directing their attention towards the longterm consequences of early life conditions, especially in terms of the quality and duration of life (Galobardes et al. 2004; Bengtsson and Mineau 2009; Myrskylä 2010) . There is a growing body of literature examining the relationship between socioeconomic status (SES), family structure, and health in early childhood in relation to adult mortality (Bengtsson and Lindström 2000; Gluckman et al. 2008; Bengtsson and Broström 2009; Gagnon and Mazan 2009; Huang and Elo 2009; Van den Berg et al. 2009; Barclay and Kolk 2015) . However, there have been very few studies examining the relationship between number of siblings and longevity (Hart and Smith 2003; Smith et al. 2009; Donrovich et al. 2014) . The study reported in this paper aimed to examine whether the necessity of dividing parental resources among a large number of children has a long-lasting effect on the duration of those individuals' lives. First, we examined the impact of family size on both all-cause and cause-specific mortality using Swedish administrative register data and event history analysis. Second, we used a quasi-experimental design to estimate the isolated effect on mortality of an additional sibling, through an exogenous increase in the size of the sibling group due to a twin birth.
Many previous studies that examine the way in which number of siblings is related to health or mortality have focused on outcomes that can be observed among infants and small children (Glick et al. 2007; Baez 2008; Henderson et al. 2008; Rosenzweig and Zhang 2009; Millimet and Wang 2011) , and therefore do not provide evidence on the long-term effects of growing up in a large family. Moreover, previous studies have almost exclusively used data from lowor middle-income countries, or historical populations (Hart and Smith 2003; Smith et al. 2009; Hatton and Martin 2010; Gagnon and Bohnert 2012) . While this body of research has provided a number of interesting insights, the results of these studies must be interpreted in the light of their contexts of harsh economic conditions and limited access to state support. There is very little evidence of how family size may affect adult mortality in developed, higher-income countries. Understanding whether the impact of the number of siblings is conditional on the context is crucial from a policy perspective. Some pathways by which number of siblings would affect mortality have been successfully removed through policy measures and governmental health spending (such as on early child health) in higher-income societies, while others such as parental time investment are likely to still be of relevance.
The aim of the study reported in this paper was to examine the impact of family size on adult mortality in Sweden, a developed country with a welfare state system that provides generous support for families with children. Infant mortality in Sweden had already seen a profound decline in the nineteenth century (Perrenoud 1984) . During the twentieth century, Sweden's Social Democratic governments developed extensive welfare programmes aimed at reducing poverty and decreasing inequalities (Sundin and Willner 2007) . In response to growing concerns about declining population in the 1930s (Myrdal and Myrdal 1934) , the government began implementing programmes with the goal of making it possible to combine work and family. This resulted in very stable cohort fertility patterns for the rest of the twentieth century. One such reform was the introduction of child allowances in 1948, which gave benefits for each additional child in a family (Hoem and Hoem 1996) . These programmes were complemented by major programmes focused on child and infant health, resulting in some of the world's lowest infant and child mortality rates (Sundin and Willner 2007) . The period after the Second World War also saw continuous expansion of pre-school childcare. Given the favourable economic and institutional contexts of Sweden, we can expect any mortality disadvantage for children raised in larger families to be less profound than in the contexts studied in previous research on the long-term health consequences of family size.
Theory and empirical research

Theory
The relationship between number of children and their survival is a classical demographic question that is fundamental for theories of demographic change as well as central to evolutionary theories on parental investment and optimal number of offspring. Researchers have predicted that an increase in fertility will decrease the probability of survival for each child (Kaplan 1996) . Classical theories on the demographic transition see a reduction in mortality in infancy and early adulthood as the main explanation for the demographic transition and eventual reduction of average family size (Taylor et al. 1976; Preston 1978; Scrimshaw 1978; Cleland 2001) . Much of this theory is concerned with mortality early in life, but it seems plausible that with increasing societal longevity, parents would also be increasingly concerned about whether their children will survive into late adulthood. The idea that parents make a trade-off between the number of children and the investment in each child is still of relevance in both contemporary developed and less developed populations, though increased affluence has likely reduced the link between resources and fertility (Scrimshaw 1978; Yamada 1984; Aksan 2014) .
Several theories have been proposed in the sociological, economic, and demographic literature to account for why children reared in large sibling groups should experience poorer later-life outcomes in contemporary developed populations, independent of confounding factors such as the SES of the parents. These include the resource dilution hypothesis (Blake 1981) and the model of trade-off between child quality and quantity (Becker and Lewis 1973; Becker and Tomes 1976) . Both theories suggest that parents face trade-offs between the investment in each child and the total number of children. If parental investment is associated with health, including in later life, we would expect to observe a relationship between number of siblings and mortality.
According to the resource dilution model (Blake 1981) , developed in the sociological and demographic literature, a child's development is heavily influenced by the degree of parental resource investment. These resources include not only financial means, but also the amount of time and attention paid to each child, which may in turn translate into the child having better educational outcomes, a lower propensity to engage in risky behaviours, and an increase in the likelihood of the child adopting a healthy lifestyle (Mercy and Steelman 1982; Evans 2006) . It should be noted that parental time is constrained even in affluent societies, and this might be particularly so in contexts with high labour force participation among women such as in Sweden. A relative lack of parental investment in childhood might be related to worse adult socio-economic outcomes, which are known to be associated with poor mortality outcomes. The resource dilution model is also applicable to household space: the negative effect of family size on the physical and mental health of the child may be exacerbated through household overcrowding (Burström et al. 1999; Solari and Mare 2012) . Living in a home environment that provides insufficient space and privacy for the inhabitants has been shown to raise levels of stress, impede interpersonal relations within the family, and to have detrimental consequences for academic performance and health (Evans 2006; Jaine et al. 2011 ). Moreover, research shows that household overcrowding is a risk factor in the transmission of serious diseases, even in developed nations (Baker et al. 2008) , as exposure to aggressive pathogens early in life may have a detrimental effect on long-term health (Mucci et al. 2004; Bengtsson and Broström 2009) .
Given that parental material and non-material resources are constrained, each additional child decreases the per child investments made by parents (Hertwig et al. 2002) . However, the resource dilution hypothesis may operate through birth order as well as family size (Rodgers 2001) . The size of the sibling group is not fixed at birth, unless you happen to be the last-born child, and a first-born in a fivechild sibling group is likely to spend the majority of his or her childhood without four other siblings. Previous research indicates that there is an independent effect of birth order on adult mortality (Barclay and Kolk 2015) , and this may mediate the importance of the size of the sibling group, suggesting increased disadvantage at high birth orders in large families.
The predictions of a negative impact of family size on child health can also be found in the economic literature. According to theoretical models proposed by Becker and Lewis (1973) as well as Becker and Tomes (1976) , parents face trade-offs between investing in the quantity and quality of children when making decisions regarding the size of their family. Early life health is a key dimension of investment in offspring 'quality'. A favourable home environment, regular access to health care, and parents taking care to shape a healthy lifestyle for their children may have important long-term consequences for the health and longevity of offspring in adulthood (Currie and Madrian 1999; Yeung et al. 2002; Case and Paxson 2010) . Hence, an exogenous increase in sibship size, such as a multiple birth, may lead to poorer health outcomes and higher mortality rates among offspring. Although most interpretations of the resource dilution hypothesis, as well as the quality-quantity trade-off model, focus on childhood experiences, it is also possible to extend the application of these theories over the whole life course. This is particularly clear when considering how any potential inheritance from the parents may be divided among the adult siblings.
The health of children may also be influenced by the health of their parents. Being raised in a large family necessarily means that the parents have raised a large number of children, and the number of children born and raised has been shown to be associated with mortality risk for both mothers and fathers (Doblhammer 2000; Grundy and Kravdal 2007; Engelman et al. 2010; Hank 2010) . Several explanations have been proposed for the relationship between parity and mortality, but those that could also potentially impact the health of the children include the fact that parenthood implies stress related to childrearing responsibilities, pressure to combine labour market participation with childrearing, and lower opportunities for the accumulation of savings (Aassve et al. 2006; Schultz 2007) . Moreover, due to intergenerational transmission of fertility (Kolk 2014) , higher fertility in the offspring generation may lead to higher fertility in subsequent generations, which might in turn be related to worse health outcomes.
The impact of family size on the life chances of children may also be moderated by the sex composition of the sibling group (for a detailed overview, see Steelman et al. 2002) . The sex composition of siblings may affect the normative climate within a household Steelman 1989, 1990) . For example, girls tend to achieve more highly and adopt healthier lifestyles than boys, and this may have an influence on their brothers. As a result, daughters may contribute towards generating a family environment with higher expectations for children in comparison to families that only have sons, which in the long term may lead to better health outcomes and lower mortality for individuals who grew up in families with more women. As a consequence, the presence of sisters may positively affect longterm life chances. Moreover, in societies in which parents have a strong preference for sons or expect relatively lower benefits from human capital investments in daughters, brothers will be stronger competitors for parental resources than sisters (Parish and Willis 1993; Garg and Morduch 1998; Morduch 2000) . Hence, the number of brothers may have a stronger negative impact on a child's life chances than the number of sisters.
While the literature overall provides many arguments for family size having a negative impact on the life chances of the child, it is also possible that having a large number of siblings might be beneficial in adulthood. Sibling relations vary in terms of frequency of contacts, and may be either a source of support or of conflict. Siblings typically share a common background and history, and hence sibling
The number of siblings and mortality 45 ties commonly extend across the life course (Knipscheer and Van Tilburg 2013) . This matters for long-term health outcomes, because social support from kin is related to health in adulthood (Seeman 2000; Rostila et al. 2012) . Furthermore, children may benefit from interactions with their siblings during childhood in order to learn and practice interpersonal skills, self-control, or conflict resolution techniques, which may be helpful later on in life in developing their relationships with peers (Whiteman et al. 2011; Downey et al. 2015) . Social ties in turn have a strong positive long-term impact on health and longevity (Berkman 1984; Berkman and Glass 2000; Eng et al. 2002; Cohen 2004; Gagnon and Mazan 2009 ). All in all, it can be presumed that having a greater number of siblings increases the possibility of being able to seek social and financial support in adulthood, if and when that support might be needed, which may improve both the quality and duration of human life.
Review of empirical research
Previous research on the relationship between family size and health has mainly used contemporary data from low-or middle-income countries such as Romania, Colombia, China, and Indonesia (Glick et al. 2007; Baez 2008; Henderson et al. 2008; Rosenzweig and Zhang 2009; Millimet and Wang 2011) . This body of work has typically focused on the health outcomes of very young children. The results of these studies generally show that an additional child in the household has a negative effect on children's nutrition (Glick et al. 2007; Henderson et al. 2008) , weight (Rosenzweig and Zhang 2009) , and height (Hatton and Martin 2010; Millimet and Wang 2011) . In less developed countries, growing up in a large family increases the likelihood of sharing a room and reduces the chance of having access to clean water and sanitary sewerage facilities (Baez 2008) . Studies using historical data have also found that an additional sibling in the household is negatively associated with longevity (Hart and Smith 2003; Gagnon and Mazan 2009; Smith et al. 2009; Hatton and Martin 2010; Gagnon and Bohnert 2012; Donrovich et al. 2014) .
While these studies do demonstrate a negative effect of family size on child health, the context of much of this previous work has been harsh economic conditions and little or no access to state support. There is limited evidence on how family size may affect health in higher-income developed countries, and the few available studies show rather mixed results. Larger family size was not found to be related to mortality from coronary heart disease among Finns in a study carried out by Eriksson et al. (1999) . In the Swedish context, according to findings reported by Weitoft et al. (2003) , the death rate in childhood among children living in larger families is lower than among their peers living in small families. One Swedish study has found that growing up in a family with more than five children, compared with growing up in a smaller family, was associated with poorer health and higher mortality in late adulthood during a three-year follow-up period after age 80 (Lundberg 1993) .
Poor conditions for health in childhood may result in profound long-term consequences and decrease the quality and duration of life among adults (Case and Paxson 2010) . However, given ambiguous conclusions from previous studies that describe associations between the number of siblings and child health in less developed countries, it is very difficult to predict the long-term impact of family size on health outcomes in adult life in more developed nations. It is therefore unclear whether or not growing up in a large family would be expected to have a negative effect on child well-being when parents have adequate resources and access to support from a welfare state system.
Data, study design, and methods
Data
We used data from the Swedish administrative registers, which cover the full population, focusing on cohorts born between 1938 and 1972. We examined mortality from age 40 onwards and followed our study population until 2012, when the earliest cohort had reached age 74. We right censored individuals at first emigration. The Swedish multigenerational registers allowed us to link offspring to their parents, and therefore also to their siblings. The digitized Swedish register data are based on the 1960 census, so our population of index individuals and siblings is conditioned on survival to 1960. The analysis population consisted of individuals born in Sweden whose personal identity number could be linked to the personal identity numbers of both their mother and father, which therefore also allowed us to link them to their full biological siblings. The advantage of this register dataset is that even though we looked at a society with fertility levels typical for developed countries, we could still capture the impact of having large numbers of siblings, because of the exceptionally large sample that covered the whole population. The size of the registers was also required to apply our quasi-experimental approach that exploits multiple births as a source of exogenous variation in the number of siblings, as multiple births are very uncommon in most other data sources.
The registers contain information on year and month of birth, which made it possible both to identify children born as part of a multiple birth and to establish the birth order of siblings. We based all our family size variables on groups of siblings that all shared their biological mother and father. We also excluded all individuals with half-siblings, thereby restricting our population to sibling groups where neither parent had any children with a different partner. In total our analysis population consisted of 1,354,253 men and 1,284,645 women born in cohorts from 1938 to 1972. The earliest birth cohorts who could be linked to the mother and father were those born in 1932, and the latest point for which we had data was 2012. Therefore, our calculations of number of siblings were based on siblings born between 1932 and 2012. It is likely that we have underestimated the number of siblings in the earliest birth cohorts to a small extent, as we cannot link siblings who were born before 1932.
In the analysis of mortality using data on twins, we used a subsequent twin birth in the family as a risk factor for their siblings. Among men we found 4,888 first-born index persons who experienced a twin birth at their mother's parity two, 4,569 firstand second-born index persons who experienced a twin birth at parity three, 2,500 first-, second-, and third-born index persons who experienced a twin birth at parity four, and 1,279 first-, second-, third-, and fourth-born index persons who experienced a twin birth at parity five. The mortality analysis for women included 4,630 first-born index persons who experienced a twin birth at parity two, 4,237 firstand second-born index persons who experienced a twin birth at parity three, 2,330 first-, second-, and third-born index persons who experienced a twin at parity four, and 1,217 first-, second-, third-, and fourth-born index persons who experienced a twin birth at parity five. Triplets and larger multiple births in the data were excluded from the analysis.
Using these data, we carried out analyses using a hazard model framework. We estimated frailty models as well as hazard models using twins data, which are described in more detail in the next two sections. We analysed both all-cause and causespecific mortality. The reason for the latter analyses is that if the number of siblings was found to be particularly related to certain causes of death then that would allow us to gain an insight into the pathways by which family size is related to mortality in adulthood. For example, mortality due to cancer may be a consequence of social contagion of risky behaviours among siblings (e.g., smoking). On the other hand, mortality from external causes, often related to violence, suicide, or substance abuse, is more commonly associated with social disadvantage in mid-adulthood. Our main analyses focused on all-cause mortality, but we also present results for the most common causes of death, examining mortality attributable to neoplasms (cancers), diseases of the circulatory system, external causes, and then all other remaining causes grouped together. All statistical analyses were carried out using the 'st' suite of commands for event history analysis available in Stata 13 (StataCorp 2013).
Frailty models
Our main analyses consisted of Gompertz proportional hazard models with shared frailty that is assumed to follow a Gamma distribution (Vaupel and Missov 2014) . Shared frailty is used in order to account for unobserved shared factors at the family level that may be related to mortality. Previous research has shown that in the Swedish context, family-level factors may explain a substantial proportion of the variance in mortality (Hemminki et al. 2001; Edvinsson et al. 2005 ). The hazard for individual i (i = 1, … , n) in family cluster j ( j = 1, … , n) in our model took the following form:
where t denotes age, X ij is a vector of observable covariates, β is a vector of unknown regression coefficients describing the effect of the covariates, h 0 (t) is the Gompertz baseline hazard function, and Z ij is an unobserved (random) effect or frailty following a gamma distribution. The Gompertz baseline hazard assumes an exponential increase in the baseline hazard with time, therefore, we checked that assumption and found that it was met. We also used chi-square tests to examine whether the estimates are proportional over time in the fully adjusted models for men and women. The results of these tests confirmed that our key explanatory variable did not violate the proportional hazards assumption. The only variable that did consistently violate the proportional hazards assumption was the cohort indicator, and the separate analyses by cohort revealed
The number of siblings and mortality 47 that the estimates for the relationship between the size of the sibling group and mortality were very similar for different cohort groups. Table 1 presents descriptive information for men and women, including number of deaths, and baseline mortality rates for different covariates. In addition to covariates on sibling group size and cohort, we included covariates on age of the mother at the time of birth, and birth order in the sibling group, as well as parental SES. Our SES measure consisted of the Erikson, Goldthorpe, and Portocarero social class scheme (EGP) (Erikson et al. 1979) applied at the household level and measured between ages 30 and 40 using information on occupation from the Swedish censuses of 1960, 1970, 1980, and 1990 . The EGP variable used in this study was divided into the following categories: upper service class, including self-employed professionals (EGP = I); lower service class (EGP = II); routine non-manual (EGP = III); self-employed non-professionals, farmers, and fishermen (EGP = IV); skilled and unskilled workers (EGP = V-VII); and unknown/other. In Table 2 we present the distributions of men and women across sibling group sizes and periods of time. This analysis shows that across time family sizes were converging towards a pattern with two or three children, with decreasing proportions of children raised with no siblings or with a large number of siblings. Table 2 also shows that infant mortality rates decreased substantially across these cohorts, from 2,196 deaths down to 728 deaths per 100,000 births among boys and from 1,582 deaths down to 504 deaths per 100,000 births among girls.
Hazard models using twins data
The number of children is not randomly distributed across families and may differ according to factors which cannot be directly observed. Indeed, one of the key insights from the quality-quantity trade-off model is that parents take the well-being of their offspring into account when they decide whether or not to have another child (Becker and Lewis 1973; Becker and Tomes 1976) , which implies endogeneity of sibship size with respect to health and longevity. Furthermore, lower-than-intended fertility in the parental generation likely correlates with increased mortality in the progeny if low fertility is due to health problems that may be inherited.
The frailty models described in the previous section do not solve problems of selection, because they assume independence between unobserved factors and covariates. In order to look beyond the association between number of siblings and mortality, and to understand the causal relationship between an additional exogenous sibling and mortality, we used the econometric approach proposed by Rosenzweig and Wolpin (1980) . This approach uses information on multiple births in order to examine the impact on mortality of an exogenous increase in the number of children. Multiple births are, to most extents and purposes, an outcome of a random process and not the result of a deliberate parental decision driven by a calculus considering future child welfare. Thus, information on twin births can be applied to reveal the causal effect of the number of siblings on outcomes such as mortality. The approach proposed by Rosenzweig and Wolpin (1980) can be regarded as comparable to a natural experiment and has opened up new opportunities for research on the outcomes of different family sizes (Moffitt 2005; Schultz 2007) .
Another instrumental variable used in the literature about the impact of the number of siblings on child well-being is the sex composition of siblings. This alternative has three disadvantages. First, the strong impact on the number of children in a family can be observed only in some specific countries with strong preferences for a specific The number of siblings and mortality 49 composition of sex among siblings. Second, the analysis that uses such an instrumental variable needs to exclude families with fewer than three children. Finally, there are studies which show that sex structure of siblings is correlated with children's outcomes (see, e.g., Conley 2000) . Hence, both relevance and validity of this instrument are potentially problematic and, therefore, we decided not to use sex composition as a variable in the instrumental variable models. Our analyses were based on what is often referred to as the reduced form relationship between an instrumental variable and the outcome, in this case a twin birth and mortality. Thus, in a strict sense we identified the causal relationship and effect size of a subsequent twin birth, and thus two siblings and mortality, rather than the relationship between one additional sibling and mortality. A twin birth is a very strong predictor of family size (Åslund and Grönqvist 2010) , which means that there is a very close relationship between the experience of a twin birth in the family and higher completed family size (compare also Table 3 ). It should be noted that there is a closer relationship between twin births and eventual number of siblings at birth orders above two. Previous examples of the application of this approach can be seen in Glick et al. (2007) and Jacobsen et al. (1999) . Reduced form estimates possess many attractive features, although they are less easily interpreted than traditional instrumental variable estimates (Chernozhukov and Hansen 2008). Our models were similar to the survival analysis models described earlier, and use the same period, cohort, and age restrictions. However, the twin-focused models exclude covariates for birth order. The effect of an exogenous twin birth on the mortality of siblings born before the twin birth was based on the inclusion of a binary covariate indicating the existence or absence of a subsequent twin birth. Hence, the vector of observable covariates X ij used in the previous version of models included a dummy variable distinguishing individuals who experienced a twin birth after their own birth. The coefficient corresponding to the twin birth measures the effect of 'randomly assigned' additional siblings, because twins are an exogenous source of variation in family size.
A large number of studies using Swedish and Nordic data have used and evaluated the exogeneity of a twin birth and have found that it meets stringent demands on exogeneity (Black et al. 2005 (Black et al. , 2010 Åslund and Grönqvist 2010; Holmlund et al. 2013) . Additionally, the relevance of this instrument is assessed in our own analysis in Table 3 . The correlation between a twin birth and family size varies from 0.733 at early parities to 0.818 at later parities.
The most important socio-demographic determinant (and potential confounder) of the probability of a twin birth, maternal age, was adjusted for in our models. We studied cohorts born before the introduction of assisted reproductive technologies (the first in vitro fertilization birth in Sweden took place in 1982), as their introduction reduces the degree to which multiple births can be considered an exogenous shock.
An important challenge that arises using the approach proposed by Rosenzweig and Wolpin (1980) is related to the fact that the medical literature shows that children in multiple births tend to be born with a lower birthweight, which is in turn related to poorer health outcomes later in life. A solution proposed by Black et al. (2010) relies on restricting the sample to the older siblings of children born in the multiple births. Specifically, we constructed an indicator of a multiple birth at birth n, limited the analytical sample to children born in families that experienced at least n births, and then examined the mortality of children born before the nth birth. In other words, multiple births were used to construct an instrumental variable, but the mortality of the twins themselves was not analysed. Using this restricted research strategy, we ran statistical models on several samples. Our first sample consisted of first-born men and women from a sibling group with two or more children. The second sample consisted of first-and second-born from a sibling group with three or more children. The third sample consisted of first-, second-, and third-born from a sibling group with four or more children. Finally, the fourth sample consisted of first-to fourth-born from sibling groups with five or more children. We ran separate models for men and women. We included a binary variable for whether there was a twin birth directly after the birth of the individuals included in the sample (e.g., a twin birth at parity two in the firstborn sample, a twin birth at parity three in the sample with first-born and second-born, etc.).
Results
Results from frailty models
We estimated a series of frailty hazard models examining the relationship between the size of the sibling group and adult mortality for men and women, with hierarchical inclusion of control variables. Table 4 shows the relative risks and confidence intervals for men. Model 1 shows the results without adjusting for birth order or parental social class. The reference category is men in sibling groups with two children (i.e., with one sibling). We find that mortality is 13 per cent higher for men from a onechild sibling group (i.e., with no siblings) than for men from a two-child sibling group. Mortality is similar for men from a three-child sibling group and men from a two-child sibling group, but among men from larger sibling groups, the relative risk increases. Men from a four-child sibling group experience a 4 per cent higher relative risk of mortality, men from a seven-child sibling group have an 18 per cent higher relative risk of mortality, and men from a ten-child sibling group have a 13 per cent higher relative risk of mortality. In all these comparisons, there is a statistically significant increase in the relative risk of mortality, with the exception of men from three-child sibling groups and men from nine-and ten-child sibling groups.
Overall there is not a clear pattern of difference in mortality by sibling group size, as men in sibling size groups of between four and eight children have higher mortality, but so do 'only children'. Model 2 shows the results for the relationship between the size of the sibling group and adult mortality when adjusting for birth order in addition to the other covariates. As can be seen, the size of the coefficients decreases substantially, except for the case of men with no siblings, who now have a 17 per cent higher risk of mortality relative to men from a two-child sibling group. Men from a three-child sibling group experience a significantly lower relative risk of mortality than men from a two-child sibling group. Men from sibling groups with seven children still have an elevated risk of mortality relative to men from a two-child sibling group, but the size of the relative risk has decreased in comparison with the results from Model 1. The results for the largest sibling groups are not statistically significant. Additionally, Model 3 presents the results after controlling for social class of parents, with results very similar to those in Model 2. The results from Models 1 and 3 for men are shown in Figure 1 . Again, it appears that mortality is not associated with sibling group size for the most common sibling group sizes, two to four children. Furthermore, the elevated mortality of individuals from very large sibling groups largely diminishes after adjusting for birth order and parental SES. Overall, after adjusting for SES and birth order, there appears to be no association between mortality in adulthood and number of siblings. Individuals from one-child sibling groups, or 'only children', are the only group distinguished from children in larger sibling groups by substantially higher mortality rates. We can also conclude that birth order has a large significant impact on mortality in the models independent of sibling group size, and it is birth order that seems to be the stronger predictor of mortality. Table 5 shows the results for the relationship between the size of the sibling group and mortality for women. Model 1 shows the results without adjusting for birth order or social class of the parents. Relative to women from a two-child sibling group, women from a one-child sibling group experience a 12 per cent higher risk of mortality. There is no substantive or statistically significant difference for women from three-or four-child sibling groups, but the relative risk is greater for women from sibling groups with five or more children (with the exception of a seven-child sibling group). Women from a fivechild sibling group have a 7 per cent higher risk of mortality, while women from an eight-child or ten-child sibling group have a 23 per cent higher risk of mortality. Among women there is a smaller difference in terms of impact of siblings on mortality risk than for men, at least among the most common sibling group sizes found in Sweden, those with one to four children.
Model 2 in Table 5 shows the results for the relationship between the size of the sibling group
The number of siblings and mortality 51 and adult mortality for women after adjusting for birth order. As with the results from Model 1, women from a one-child sibling group experience an elevated risk of mortality relative to women from a two-child sibling group. There is no statistically significant difference in the relative risk for women raised in families with three children or more. This lack of statistical significance is notable given the very high statistical power in this analysis.
Again, these results support the assertion that if resource dilution is the underlying explanation for the relationship between the size of the sibling group and mortality, it would be experienced through the interaction of birth order and birth intervals, rather than the final size of the sibling group. The results from Models 1 and 3 for women are shown in Figure 2 . As is the case for men, it is clear that among women the size of the sibling group does not appear to affect mortality in a substantive way after accounting for birth order. Mortality rates vary little between women from the most common multi-child sibling group sizes, two to four children, and the elevated mortality of women from sibling groups with five to ten children disappears after adjusting for birth order and parental SES. It is only women with no siblings who have elevated mortality after adjusting for birth order, cohort, maternal age at the time of birth, and parental SES. We also examined the effects of the number of siblings across specific causes of mortality. We examined mortality attributable to neoplasms (cancers), diseases of the circulatory system, external causes, and all remaining causes pooled together. These results are shown in Figures 3 and 4 , for men and women, respectively (Tables A1 and A2 in the supplementary material present full results from this analysis). The results shown in Figures 3 and 4 are based on survival analyses where we adjust for cohort, maternal age at the time of birth, birth order, and parental SES (Model 3). Overall, these results demonstrate a pattern that is largely similar to that seen in the allcause mortality results. Mortality attributable to circulatory problems and external causes is somewhat higher among men who were raised as 'only children'. Among women, mortality attributable to diseases of the circulatory system is elevated among both 'only children' and women raised in families with six children. We have also conducted analyses to examine whether all-cause mortality differs by the sex composition of the sibling group. These results are shown in Figure 5 . As can be seen, there are no clear differences in adult mortality at any sibling group size among those who were raised in an all-male, all-female, or mixed-sex sibling group.
As a sensitivity analysis, considering substantial twentieth-century changes in fertility and mortality, we experimented with separate models for different cohort groupings (see Tables A3 and A4 in the supplementary material). However, all these models consistently indicated the same conclusion about the lack of substantial effects of sibship size (except for only children). Additionally, we carried out analysis with interactions between sibship size and birth order, and the results from this analysis also confirmed our earlier findings.
Results from hazard models using twins data
While the frailty hazard models control for a wide range of characteristics of children and their parents, they cannot take into account the unobserved aspects of parental resources that differ across siblings and change across time. In order to reveal the causal effects of the number of siblings, we applied methods that take advantage of data on multiple births in order to exploit this source of exogenous variation in family size (Tables A5 and  A6 in the supplementary material present the association between family size and mortality for the The number of siblings and mortality 53 samples used in the twins-based analysis; that is, they present estimates of the same models as Tables 4 and  5 , but using the twins-based analysis sample). Tables  6 and 7 show the results for men and women from models examining whether a twin birth has an effect on mortality for the preceding children. Hence, we show how a random shock to a person's sibling group size, through the birth of a later-born pair of twins, affects mortality.
Our results, presented in Table 6 for men, show that a subsequent twin birth has no substantial impact on adult mortality. In fact, the relative risk is typically lower than for individuals not experiencing a subsequent twin birth, though it is not statistically significant except for siblings experiencing a twin birth at parity five. Therefore, for men we can rule out any clear effect of an exogenous sibling on mortality, though our estimates are not very precise. The results for women in Table 7 show that a twin birth increases the relative risk of mortality for individuals born before the twin, but that the differences are small and not statistically significant. These results for women are more ambiguous than those for men and we are unable to make any clear conclusions about the relationship between the experience of a subsequent twin birth and adult mortality. Overall, these analyses are consistent with earlier associational models presented in Tables 4 and 5 suggesting no substantive relationship between number of siblings and mortality. As a form of sensitivity analysis, we also estimated cohort-specific instrumental variable models with a The number of siblings and mortality 55 binary mortality indicator in specific age ranges. The conclusions that we reached based on those models were similar to the main results presented in this paper, with no clear relationship emerging between sibling group size and mortality.
Summary and discussion
In the study reported in this paper, we examined the relationship between the size of the sibling group and mortality risk in adulthood for Swedish men and Figure 4 The relative risk of cause-specific mortality by sibling group size among women born in Sweden from 1938 to 1972 Notes: Estimates based on survival analyses controlling for cohort, maternal age, birth order, and parental SES. Bars indicate 95 per cent confidence intervals. Results for sibling group sizes 7-10 not displayed. Source: As for Table 1 . Figure 5 The relative risk of all-cause mortality by sibling group size according to the sex of siblings, for people born in Sweden from 1938 to 1972 Notes: Estimates based on survival analyses controlling for cohort, maternal age, birth order, and parental SES. Bars indicate 95 per cent confidence intervals. Results for sibling group sizes 7-10 not displayed. Source: As for Table 1 . women born between 1938 and 1972. The main finding is that growing up in a large family does not have a substantive impact on mortality in adulthood either for men or for women. This conclusion is based on survival analyses where we attempted to adjust for confounding in the relationship between the size of the sibling group and mortality by including covariates for birth order and the social class of the parents, as well as from models that exploited the occurrence of twin births to examine the impact of an exogenous increase in completed family size. The overall conclusion is also consistent for the results from models examining various causes of death. While the economic, sociological, and epidemiological literature provides a number of arguments concerning the disadvantages of growing up in a large family, it appears that these mechanisms do not mediate the relationship between the completed size of the sibling group and mortality in adulthood in contemporary Sweden once birth order and SES are controlled for. This is one of the first studies to explicitly focus on the relationship between the size of the sibling group and adult mortality in a Western developed society. The few previous studies addressing this question in developed societies examine it over a very brief and specific age range (Lundberg 1993) . The only incongruity to this conclusion is the fact that both men and women who were raised as 'only children' experience an elevated mortality risk in adulthood in comparison to men and women from multi-child sibling groups in our non-causal models. The focus of this study was to examine the main effects of the size of the sibling group of origin on adult mortality, and we therefore did not attempt to test the potential mechanisms that might link the lack of siblings and mortality. Furthermore, alternative methodological strategies to rule out confounding factors and the endogeneity of parental decisions to have only one child (such as data on miscarriages) were not available to us. It is possible that there may be some specific confounders for 'only children' that simultaneously affect parents' decisions to have no more than one child (Kristensen et al. 2003) and affect their longevity. One example is selective mortality among parents of our individuals. Adults who die during their reproductive years tend to have fewer children. If low fecundity is related to underlying health, and that poor underlying health is heritable, then that may be an important pathway by which very small family size is associated with mortality. Further research could examine whether these findings are relevant to low fertility societies.
Our results may also be affected by the decrease in infant and child mortality over time as our data are conditioned on survival to 1960. The most profound decline in infant mortality in Sweden took place in the first two decades of the twentieth century, and by 1950 it reached the lowest level in the world (Burström 2003) . As our data lack information on mortality before 1960, our information on siblings in earlier cohorts will be based on more select and robust adult sibling sets. As the frailest individuals are unobserved, this could mean that we underestimate the relationship between number of siblings and mortality. However, survival to age 20 was above 0.98 for the 1940 cohort and increased to over 0.99 for the 1965 cohort (Statistics Sweden 2010) . This implies that the childhood experience of the overwhelming majority of sibling sets in our study would not be affected by such pre-adult mortality. Still, if the deaths of the siblings in earlier cohorts were tied to larger family size, this correlation between mortality and fertility could be a source of bias in our estimates. An additional shortcoming of our study is that we could not measure the specific factors that mediate the impact of siblings, such as the degree of overcrowding at any specific point during childhood, as we lack household data.
Although a number of theories have been proposed for why being raised in a larger sibling group should be related to a number of detrimental health outcomes in adulthood (Becker and Lewis 1973; Becker and Tomes 1976; Blake 1989; Downey 2001) , our finding that the size of the sibling group of origin is not related to adult mortality in a substantively meaningful way is consistent with other recent research from the Nordic region. Research using twins as an exogenous impact on family size based on register data from Norway and Sweden has suggested that the size of the sibling group of origin is not substantially related to educational attainment, labour market success, or fertility (Black et al. 2005; Åslund and Grönqvist 2010; Kolk 2015) . It has been argued that while resource access in childhood may be important, a measure for the completed size of the sibling group is an imprecise measure of resource access, in particular for earlier-born siblings. It is likely that a joint consideration of birth order and birth intervals would provide a more accurate measure of resource access within the household in early childhood than completed family size, as only the last-born child will be born into a household where the number of children corresponds to the completed fertility of the parents. A first-born, on the other hand, experiences periods of childhood as an only child, then in a two-child sibling group, and so on, up until parental fertility is completed.
The number of siblings and mortality 59 Furthermore, birth order effects on educational attainment and mortality have been observed in sibling groups of all sizes (Black et al. 2005; Barclay 2015; Barclay and Kolk 2015) .
Our study focused on mortality before age 74. Life expectancy for the cohorts in our study is high (Statistics Sweden 2010) and the majority of our population survives until right censoring in 2012. Previous research has suggested that the effect of early life conditions is stronger at younger ages and declines over the life course (Myrskylä 2010) . Although a growing body of literature has demonstrated the importance of early life conditions for later-life outcomes, including mortality, the findings presented in this study are consistent with the overall pattern that the trade-off between the quantity of siblings and their education is strong in countries with a liberal economic system, but very weak or non-existent in countries with welfare state arrangements that support families with children (Park 2008; Xu 2008) . Indeed, our study was based on register data from Sweden, one of the highest income countries in the world, where parents with children are provided with very generous support from the welfare state. Regardless of social and ethnic background, families with children may take advantage of a publicly funded early childhood education and care system, as well as health care services that are free of charge for children. One explanation for our finding-the absence of a relationship between adult mortality and growing up in a large family-is that parents may not necessarily face a strong trade-off between having many children and providing each child with favourable conditions for good health in such a context. 
Notes
